Background {#Sec1}
==========

Childhood obesity is a chronic disorder, which is defined as excessive body fat deposition that presents an adverse effect on health (Fernandez-Sanchez et al. [@CR16]). It poses a global public health threat and has risen to an alarming level throughout the world (Theodore et al. [@CR57]). The long-term persistence of obesity in childhood leads to several chronic diseases, such as hyperlipidaemia, hypertension and hyperinsulinemia (Linberg et al. [@CR37]). Apart from the above-mentioned chronic diseases, the findings from one study have indicated a significant increase in the psychosocial consequences of childhood obesity (Centers for Disease Control and Prevention [@CR10]). For example, children who are obese have a negative body image, which leads to lower self-esteem, and reflects negatively on their academic and social progress (Ben-Sefer et al. [@CR5]). The complications caused by childhood obesity are severe, and could continue to affect the health of a child, even in adulthood (Centers for Disease Control and Prevention [@CR10]).

In recent years, the rates of childhood obesity in Malaysia have been rising dramatically (IPH [@CR24]), similar to the global patterns (Kipping et al. [@CR27]). This rising problem of childhood obesity has led to the development of intervention programs against obesity starting in early life. Successful childhood obesity intervention may be useful as a secondary prevention, decreasing the complications of childhood obesity on co-morbidities later in life (Reilly [@CR51]). The essential elements of any intervention are likely to include dietary modifications and nutritional education (Kirk et al. [@CR28]). Several childhood obesity interventions testing nutritional education and diet modification have been initiated in several countries, such as the United States (Davison et al. [@CR13]), Canada (Anand et al. [@CR2]), the United Kingdom (James et al. [@CR25]), New Zealand (Graham et al. [@CR20]), Singapore (Gupta et al. [@CR21]) and Malaysia (Sharifah et al. [@CR54]); however, none of these interventions emphasized the provision of whole grain to manage childhood obesity.

A recent meta-analysis concluded that adults consuming more than three servings of whole grain had a consistently lower risk of obesity (Ye et al. [@CR61]). Additionally, both epidemiological (McKeown et al. [@CR40]) and randomized intervention trials (Maki et al. [@CR39]) conducted among adults from the US have demonstrated that the abdominal fat mass was reduced on a whole-grain diet, compared to refined grain, an effect which has not been reported for fruits and vegetables (McKeown et al. [@CR40]). In children, the correlation between the consumption of whole grain and health benefits has been less explored. However, previous cross-sectional studies from the US have reported that the consumption of whole grain can improve the diet quality (Bellisle et al. [@CR4]) and body mass index (BMI) z-scores (Choumenkovitch et al. [@CR12]) among children.

In spite of the positive health benefits and dietary recommendations, the national dietary intake data from the US (Harnack et al. [@CR22]), France (Bellisle et al. [@CR4]), Malaysia (Norimah et al. [@CR47]) and Singapore (Health Promotion Board Singapore [@CR23]) have demonstrated that whole grain consumption is considerably low. In Kuala Lumpur, a recent local study revealed that the practice of consuming whole grain was low there too, with less than 10 % reported daily consumption of whole grain (Koo et al. [@CR32]). A quasi-experimental trial has been conducted in the US, aiming to increase the whole grain consumption among children (Burgess-Champouxt et al. [@CR8]). However, this quasi-experimental trial did not investigate the association of whole grain intake with anthropometric measurements, which helps in managing childhood obesity (Burgess-Champouxt et al. [@CR8]).

Home environment and family has been widely recognized as one of the influences in child' seating behaviours and dietary intake (Golan [@CR19]). Parental involvement is a critical and feasible component in an intervention which raises positive dietary behavioural changes for children (Perry et al. [@CR49]). A meta-analysis that involved 42 weight-related health interventions demonstrated that parental involvement in the interventions was more effective in managing childhood obesity (Niemeier et al. [@CR46]). Another review revealed that the majority of studies reported a positive effect of home-based interventions which included family members in combating childhood obesity (Knowlden and Sharma [@CR30]). The overall effectiveness and sustainability of an intervention program could be improved by identifying parent-friendly strategies that promote active, sustained participation (Burgess-Champouxt et al. [@CR8]).

The purpose of this present article is to describe the rationale and design of a multi-component, family-based intervention on whole grain combined with a healthy balanced diet to manage childhood obesity, utilizing a quasi-experimental trial design: the GReat-Child Trial. To the best of our knowledge, this is the first trial that has focused on whole grain to manage childhood obesity. It was hypothesized that, in the school post-intervention comparison, the children in the intervention school would have: (1) improved anthropometric measurements by increasing their wholegrain consumption; (2) improved knowledge, attitudes and practices towards whole grain; (3) improved overall nutrient intake and (4) increased availability of whole-grain foods at home.

Methods {#Sec2}
=======

Trial design and sample size calculation {#Sec3}
----------------------------------------

The flow diagram of the trial design is shown in Fig. [1](#Fig1){ref-type="fig"}, and a list of government primary schools in Kuala Lumpur is obtained from the Kuala Lumpur Federal Territory Education Department. Kuala Lumpur is the federal capital and most populous city in Malaysia, and consists of three zones: Sentul, Keramat and Bangsar-Pudu. Two primary schools are recruited from a randomly selected zone to participate in the present trial. Schools with similar social and demographic characteristics are assigned to the intervention and control conditions on a non-randomized basis, in order to make sure the intervention and control groups were completely independent, sufficiently far apart and without any effect on each other (McMillan [@CR41]). The inclusion criteria are: (1) apparently healthy Malaysian school children aged 9--11 years or studying in years 4 and 5; (2) children who are overweight or obese (BMI for age \> +1 SD, relative to the WHO reference data) (World Health Organisation (WHO) [@CR60]); (3) able to read, write and understand Malay; and (4) at least one parent who perceives that their child has a weight problem, and who is willing to attend the individual diet counselling. The perception of childhood obesity is considered important in order to recruit only participants who are receptive to the intervention, and who are sufficiently motivated to complete all of the intervention sessions (Wafa et al. [@CR58]). Children are excluded: (1) if they have a serious co-morbidity requiring treatment or on gluten-free diet and (2) if any of their 3-day 24-h diet-recall during screening indicate that they had consumed whole-grain food in the previous week. The study protocol was reviewed and approved by the Universiti Kebangsaan Malaysia Research Ethics Committee, and permission to carry out the data collection was granted by the Ministry of Education, Malaysia and the Kuala Lumpur Federal Territory Education Department. Parental consent is obtained for all children prior to participation, while verbal assent is also obtained from the children before the study begins.Fig. 1Flow diagram of the GReat-Child trial design

The standard deviation (SD) of the BMI-for-age z-score obtained from a previous study (Madsen et al. [@CR38]) is taken into consideration for the sample size calculation of this present trial. With the SD of the BMI z-score equal to 0.10, giving a detectable difference of 0.08, a sample size of around 25 children per group at 12 weeks would give 80 % power at the 0.05 significance level. The sample size was estimated using the following equation (Naing [@CR43]):$$\documentclass[12pt]{minimal}
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                \begin{document}$$ {\rm n} =[2 \upsigma^2/\Updelta^2]  ({\rm Z}_{\upalpha}+{\rm Z}_{\upbeta})$$\end{document}$$where n = estimated sample size, σ = standard deviation for BMI-score from previous study = 0.10, ∆ = detectable difference = 0.08, Z~α~ = significance level for two-sided test = 1.96, Z~β~ = 80 % power of study = 0.84.

The sample size required for this study is 25 per group. While taking into account a non-response rate of 50 %, the required sample size for each group is increased to 38; therefore, the total number of children needed is 76. Any children who wish to dropout are allowed to do so, with the reasons being noted and analysed.

Rationale for the GReat-Child Trial {#Sec4}
-----------------------------------

The GReat-Child trial is developed based on social cognitive theory (SCT). The SCT provides a theoretical foundation for identifying modifiable behaviours, as well as to structure behaviour-change interventions. Additionally, the SCT explains human behaviour in terms of a reciprocal relationship, the triadic and dynamic relationships in which behaviour patterns, personal characteristics and environmental influences interact (Baranowski et al. [@CR3]). This theory has provided the conceptual framework for several multi-component interventions involving children and parents, which have resulted in positive dietary behaviour change (Baranowski et al. [@CR3]).

The social cognitive theory concepts and applications for the present trial are shown in Table [1](#Tab1){ref-type="table"}. Several SCT techniques will be applied in the present trial in order to assist the parents and children in raising their awareness of whole grain consumption and a healthy balanced diet, as well as to motivate the children and parents to make changes in order to manage childhood obesity. The theory constructs addressed in the GReat-Child trial include behaviour factors such as the behavioural capability (whole grain and healthy eating knowledge, as well as behavioural skills) and usual food choice (choice between pairs of foods); personal factors such as self-regulation (goal-setting), self-efficacy (confidence to carry out behaviours successfully) and outcome expectancies (preferences); as well as environmental factors consisting of the availability and accessibility of wholegrain foods and a healthy balanced diet (Burgess-Champouxt et al. [@CR8]). The present trial is adapted from a combination of interventions named "Power of 3: Get Healthy with Wholegrain Foods" (Burgess-Champouxt et al. [@CR8]) and "WATCH clinic" (Madsen et al. [@CR38]).Table 1Social cognitive theory (SCT) concepts and application for GReat-Child trialSCT constructsApplicationLearning activitiesBehavioural domain Behavioural capabilityProvided whole grain and healthy eating knowledgeParticipation in whole-grain and healthy balanced diet quiz in six 30-min nutrition education classes\
Children were required to draw the healthy plate model on the blackboard\
Using food labels to identify foods as whole grain or refined grains\
Locating grain food group and grain food items on the Food Guide Pyramid\
Individual diet counselling for the parents to identify the whole-grain foods, as well as the advantages of whole grain consumption Food choiceServed a variety of whole-grain foods on a daily basisTasting whole-grain foods for taste, appearance, texture and acceptance\
Researcher introducing variety of whole-grain food during school delivery and let the children familiarising with it\
Identifying whole-grain and healthy balanced diet's labels during individual diet counselling for the parentsPersonal domain Self-efficacyProvided practical experiences that emphasised tasting, selecting and preparing whole-grain foodsWhole grain recipe booklet provided to parents during individual diet counselling, to help them prepare and serve whole-grain food at home\
Handy tips included in the whole grain booklet during individual diet counselling, to show the parents easier way to achieve the recommendation to eat half of the grains as whole grain\
Learning about menu planning for balanced diet during six 30-min nutrition education and individual diet counselling\
Reading food and nutrition labels on the packaging of whole-grain foods, to overcome barriers in selecting and identifying the whole-grain foods ReinforcementsChildren were rewarded and received praise when they correctly answer questions on whole-grain and healthy eating dietParticipation in whole-grain and healthy balanced diet quiz during nutrition education classesEnvironmental domain Observational learningServed a variety of whole-grain foods on a daily basisChildren observed how to prepare a convenient whole-grain breakfast\
Whole-grain food recipes provided to parents AvailabilityProvided information to encourage the parents to increase availability of whole-grain foods and healthy diet at homeIndividual diet counselling and booklet provided to advocate for consumption of more whole-grain foods, as well as balanced diet at home

GReat-Child Trial Components {#Sec5}
============================

Overview {#Sec6}
--------

An overview of the GReat-Child trial is shown in Table [2](#Tab2){ref-type="table"}. This trial consists of three components addressing the behaviour, personal and environmental factors based on the SCT: (1) a family involvement component; (2) six 30-min nutrition education classes and (3) the school delivery of whole-grain foods. A quasi-experimental study design is utilized to increase the awareness and consumption of whole grain, modify the availability of whole-grain food by providing selected wholegrain foods every school day during break time, as well as to manage childhood obesity by reducing anthropometric measurements. Children from the intervention group received a 12-week intervention programme with another 6-month follow up. In contrast, the children in the control group do not receive any intervention activities, however, for ethical purposes, a health talk is conducted after the entire GReat-Child Trial is completed.Table 2The overview of GReat-Child trialComponentsContentsClassroom nutrition educationSix 30-min nutrition education classes\
On fortnightly basis\
Employed simplified "Food Guide Pyramid" and "visual plate model"\
Module included:\
An overall food pyramid education\
Energy balance education\
A visual plate model\
An overall whole grain education\
Source and sampling of wholegrain foods\
Reading labelsTwelve-week school delivery of wholegrain foodsProvide opportunities for children to experience and accept wholegrain foods. On daily basis, during school-break time\
Selected wholegrain food: wholegrain bread, wholegrain ready-to-eat cereals and wholegrain biscuitsFamily involvementA session of individual diet counselling after the baseline data collection and prior to 12-week intervention\
Employed simplified "Food Guide Pyramid" and "visual plate model"\
Parents to increase the availability of wholegrain foods and balanced diet at home\
Encourage parental role modelling for consuming wholegrain foods and healthy diet\
Mother was invited to attend an in-depth interview session using a semi-structured telephone interview, at the conclusion of the GReat-Child Trial (9th month), to identify the obstacles they had encounter in increasing the wholegrain consumption

Family involvement {#Sec7}
------------------

This component includes a session of individual diet counselling with the parents prior to the 12-week intervention, just after the baseline data collection, which is based on the concept of the SCT (Table [1](#Tab1){ref-type="table"}). Each parent is seen individually by a dietitian, and the dietary strategies used are the simplified "Food Guide Pyramid" and "visual plate model". During the session, the parents is informed individually about their child's BMI z-scores, percentage of body fat and waist circumferences, which are obtained from the baseline data collection. A dietary meal plan is given, based on modification of individual dietary recalls, which are also obtained from the baseline data collection. These are done to increase the parental awareness of childhood obesity, as well as to motivate them to monitor the anthropometric measurements and dietary intakes of their children. In addition, all parents is educated on whole-grain and healthy balanced diet recommendations based on the Malaysian Dietary Guidelines for Children and Adolescents (National Coordinating Committee on Food and Nutrition Ministry of Health Malaysia. Malaysian Dietary Guidelines for children and adolescents [@CR45]). They are taught to read food labels, identify whole-grain foods, reduce portion size and increase physical activity. Additionally, the parents are encouraged to prepare wholegrain foods with a healthy balanced diet at home. Several handy tips are given to inform the parents of easier ways to achieve the guidelines of eating half of their grains as whole grains. The aims of this component are to: (1) increase the availability of whole-grain food at home; (2) encourage parental role modelling for consuming whole-grain foods and (3) promote a dialogue between the parents and the dietitian regarding the inclusion of whole-grain foods within the context of a healthy balanced diet. In addition, each parent receives written educational materials that contain whole grain recipes, handy tips for preparing whole-grain foods and healthy balanced diet recommendations, which are discussed during the individual diet counselling session.

Classroom nutrition education classes {#Sec8}
-------------------------------------

Six 30-min nutrition education classes based on the SCT (Table [1](#Tab1){ref-type="table"}) are developed and delivered to the children who enrolled in the intervention group by a dietitian. A teacher attends each of the nutrition education classes to provide disciplinary assistance when needed. The intervention group receives the nutrition education classes on Wednesday afternoon at 1 p.m., on a fortnightly basis, after finishing their regular school lessons, and before they begin their compulsory after-school co-curriculum activity, which is implemented at 1.30 p.m. based on the recommendation of the Ministry of Education. This arrangement is made so that the delivery of the nutrition education will not affect the schedule, as well as to minimize any inconvenience to all parties concerned.

The classroom nutrition education component employs a simplified "Food Guide Pyramid" and "visual plate model" in order to provide guidance on how to obtain a balanced diet, with adequate whole grain intake. The aims of this nutrition education are to (1) improve knowledge on whole grains and balanced diets; (2) reduce intake of refined carbohydrates, and substituting with high-fibre whole grain and (3) improve attitudes and practices towards whole grain by learning to identify of whole-grain foods. The nutrition education module includes: (1) energy balance; (2) food pyramid; (3) a visual plate model; (4) whole grain; (5) source and sampling of whole-grain foods and (6) understanding food labels. At the end of each nutrition education class, the children participate in a quiz session to demonstrate their acquired knowledge regarding whole grain and healthy balanced diet, and those that answer the quiz correctly are rewarded with a stationery set. Each child also receives written educational materials that contain the plate model, dietary and whole grain recommendations that are discussed in the nutrition education classes.

School delivery of wholegrain foods {#Sec9}
-----------------------------------

For this component, whole-grain foods are delivered on a daily basis during the school break by a dietitian. The selected whole-grain foods, such as whole-grain ready-to-eat cereals, whole-grain bread and whole-grain biscuits are supplied to the children to replace any food that the children would normally eat during break time. This arrangement is made so that 100 % of the wholegrain food distributed would be eaten by the children under the dietitian's supervision. All food items provided are bought by the researchers and are not sponsored by any food industry. For any children who are absent on a particular day, the whole-grain foods would be distributed the next day to the absent children. The absent child would take the extra whole-grain food home for consumption later, during the weekend. To make sure the children follow the instructions given, parents are reminded via phone calls or short messages on that particular weekend.

The school delivery of the whole-grain food component focuses on the inclusion of whole-grain food examples and activities that reflect the children's lifestyles, preferences and culture, according to the concept of the SCT (Table [1](#Tab1){ref-type="table"}). The goals of this component are to (1) offer the equivalent of one serving of whole-grain foods to the children by replacing refined-grain foods with whole grain counterparts and (2) provide the opportunity for the children to experience and accept a healthy new repertoire of whole grain alternatives in their diet. The selected whole-grain foods are convenient and nutrient-dense foods that do not require complicated preparation.

Intervention outcome measurements {#Sec10}
---------------------------------

The children are assessed on three occasions, at the baseline, at the thirteenth week and at the ninth month. All the assessments are done by one investigator throughout the study to avoid the problem of inter-interviewer variations.

Anthropometric measurement outcomes {#Sec11}
-----------------------------------

The primary outcome measured is the BMI-for-age z-score, which is compared between the intervention and control groups. The body weight and height of each child are measured twice, according to standard procedures, using a calibrated Tanita digital scale Model SC-330 (Tanita Co., Tokyo, Japan) and SECA Bodymeter 217 (SECA GmbH & Co., Hamburg, Germany), respectively. The measurements are recorded to the nearest 0.1 kg and 0.1 cm, respectively. The body mass index (BMI) of each child is calculated by dividing the measured weight (kg) by the square of the height (m). The World Health Organization (WHO) BMI-for-age growth reference for children aged 5--19 years old (30) served as the standard reference for determining the nutritional status of the children. The z-scores for BMI-for-age (BAZ) are determined using the software WHO AnthroPlus version 1.0.3, and children are classified into overweight (BAZ +1SD to +2SD) and obese (BAZ \> +2SD) categories. The percentage of body fat is measured twice by bioelectrical impedance using the TANITA digital scale Model 300GS (Tanita Co., Tokyo, Japan) and nearest to 0.1 %. The children stood bare footed on the scale, after the electrode of the scale is cleaned to remove any debris. Any objects that could interfere with the readings are removed from their pockets before the measurements are taken.

Waist circumferences (WC) of the children are measured twice, according to the standardised protocol by the National Health and Nutrition Examination Survey (NHANES), which assessed the WC just above the right iliac crest at the mid-axillary line (Centers for Disease Control and Prevention National Health and Nutrition Examination Survey [@CR11]). The WC is measured to the nearest 0.1 cm by using a Lufkin tape model W606PM (Apex Tool Group, Maryland, USA). Finally, the reported values of the body weight, height, percentage of body fat and WC are the average values from the two readings taken.

Nutrient intake outcomes {#Sec12}
------------------------

The nutrient intakes are assessed using three non-consecutive days' 24-h diet recalls, consisting of 2 weekdays and 1 weekend day over the period of a week, a method which had been used by many national surveys and studies on children (School Nutrition Dietary Assessment [@CR53]). They are completed through face-to-face interviews with each children using household measurements, portion sizes and estimated weights of the food consumed. Tableware items such as bowls, dishes, spoons and glasses in commonly-used sizes, food models and pictures of common foods are used to assess the food intake to enhance the portion sizes and the estimation of their respective weights. Pictures from the book, *Atlas of Food Exchanges and Portion Sizes* (Suzana et al. [@CR55]), is used to help the child estimate their food portion sizes. Additionally, energy, macronutrient, micronutrient and dietary fibre intakes are determined from the 3-day diet recalls using Nutritionist Pro™ software (Axxya Systems, United States), based principally on the Nutrient Composition of Malaysian Food (Tee et al. [@CR56]) and the food product labels. The children's nutrient intake is compared with the Recommended Nutrient Intakes for Malaysia (RNI) (National Coordinating Committee on Food and Nutrition (NCFFN) [@CR44]).

Whole grain intake outcomes {#Sec13}
---------------------------

The American Association of Cereal Chemists International (AACCI) definition of whole grain is applied in the present trial. According to the AACCI, whole grain includes cereal grains that consist of ground, cracker or intact grains, which incorporate all of the components of natural grain, including the endosperm, bran and germ (American Association of Cereal Chemists (AACC) International [@CR1]). The components are present in the same relative proportions in whole grain cereals as they exist in the intact grain. For the purpose of the GReat-Child Trial, whole-grain foods are defined as foods made with at least one whole grain ingredient. All foods containing whole grain ingredients are included, regardless of the amount of whole grain they contained. The children who consumed a whole-grain food on at least one of the recall days are defined as whole grain consumers (Katcher et al. [@CR26]). The amount of whole grain per 100 g in each of the whole-grain foods is estimated from the food label, or directly obtained from the food manufacturer. The whole grain values obtained per 100 g are then multiplied by the actual weight of the food consumed and divided by 100.

Knowledge, attitudes and practices towards whole grain outcomes {#Sec14}
---------------------------------------------------------------

The knowledge, attitudes and practices (KAP) towards whole grain among the children are assessed using a validated, guided, self-administered questionnaire. The details of the KAP towards the whole grain questionnaire, as well as the development and validation procedure have been previously published (Koo et al. [@CR34]). However, for the sake of completeness, a brief description is provided here. The questionnaire is constructed in the Malay language, and consists of four main sections: (1) demographic factors, (2) knowledge domain, (3) attitude domain and (4) practice domain. The demographic factors are intended to discover the demographic and whole grain consumption pattern. Whereas, the knowledge domain reflects the knowledge on general nutrition and whole grain information, including the food pyramid, source of carbohydrates, definition of whole grains, source of whole grains, nutritional content of whole grains and the benefits of whole grain consumption. The attitude domain is defined as the school children's opinions and beliefs towards whole grain consumption, awareness and socio-cultural perspectives. Finally, the practice domain corresponds to the school children's practice towards whole grain consumption, such as the frequency of the intake of whole grain ready-to-eat cereals, whole-grain bread, corn, whole-grain biscuits, oats, barley and brown rice.

Physical activity measurement outcome {#Sec15}
-------------------------------------

In the GReat-Child Trial, physical activity is measured using a pedometer, Digi-walker CW-701 (Yamax, Fukuyama, Japan), which measures step counts during the children's waking hours over seven consecutive days for the intervention and control groups. The children are instructed to wear the pedometer on a waist belt, at all times, except while sleeping, swimming and showering. The pedometer has a memory recall to allow the investigator to recover the step counts, and a weighted average daily step count is calculated from the weekdays and weekend days. A minimum number of valid days (at least 3 weekdays and 1 weekend day) are used for the calculation of the average pedometer step counts (Laurson et al. [@CR36]). The pedometer step counts are considered valid if the weighted average step counts are more than 1000 steps per day (Duncan et al. [@CR14]), and the children wear the pedometer for at least 10 h per day (Laurson et al. [@CR36]).

In-depth interview outcomes {#Sec16}
---------------------------

At the conclusion of the GReat-Child trial (9th month), mothers from the intervention group will be invited to participate in an in-depth interview after the second post-intervention, to identify the obstacles they had encountered in increasing whole grain consumption, as well as the changes in the attitudes and practices of their children. This session is important for investigating the sustainability of the present trial, and providing greater insights into the acceptance of whole grain among Malaysian children. Our unpublished preliminary data showed that majority of the children's food (92.1 %) were prepared by their mother, which is line with the study of Campbell et al. ([@CR9]) that also showed that mothers played an important role in children's dietary habits. Hence, the in-depth interviews involve only mother instead of both parents. The data is collected using semi-structured telephone interviews, and the entire interview conversations are audio-taped and transcribed verbatim. Field notes are taken during and immediately following each phone interview, with regards to the thoughts and ideas of each interviewee.

Statistical analyses {#Sec17}
--------------------

Statistical analysis is conducted using the SPSS version 22.0 (IBM SPSS Statistics 2014). Data are entered, cleaned and checked before data analyses. Each variable is examined for normality distribution using the Kolmogorov--Smirnov test. Categorical data will be presented as number and percentage. Continuous data will be presented as mean and standard deviation or median and range. Association between categorical variables items and the two groups (intervention and control groups) are determined using Chi square test. The differences between intervention and control group across anthropometric measurements, pedometer step counts, whole grain and dietary intakes, as well as scores of KAP towards whole grain are determined using independent *T* test and Mann--Whitney U test. Analysis of covariance for repeated measures (ANCOVA) is performed to determine the intervention effects, such as the differences in anthropometric measurements, pedometer step counts, whole grain and dietary intakes, as well as scores of KAP towards whole grain between the intervention and control groups. Three models were examined, including (1) within group difference based on time; (2) between group differences regardless of time and (3) between group differences with regard to time. Baseline variables are considered as confounders in each models in order to prevent bias. Model assumptions including normality of the residuals, homogeneity of variance, compound symmetry and homogeneity of regression will be verified. P-value of less than 0.05 for a two-sided test is considered statistically significant.

Discussion {#Sec18}
==========

The childhood obesity epidemic is one of the biggest current challenges for health policy; therefore, effective interventions to manage childhood obesity are needed. This, will in turn improve the health status of children and reduce the economic burden of obesity. A significant reduction in BAZ has been reported in a cross sectional study, which examined the relationship between the intake of whole grain and BAZ (Choumenkovitch et al. [@CR12]); however, none of the experimental studies examined the effectiveness of whole grain consumption intervention in managing childhood obesity. To the best of our knowledge, this is the first multi-component, family-based intervention study focussing on whole-grain combined with healthy balanced diet to manage childhood obesity.

The essential elements of interventions are likely to include dietary modifications and nutrition education (Kirk et al. [@CR28]). For example, one previous study demonstrated that when nutrition education was used as an intervention strategy, there was an improvement in nutrition knowledge, attitudes and eating behaviours (Prelip et al. [@CR50]). Therefore, six 30-min nutrition education classes are included in the GReat-Child Trial, which aimed to improve the level of the KAP towards whole grains among the children. The duration of the nutrition education classes is only 30 min per session, as a previous study has shown that students typically have short attention span of only 10--15 min (Bunce et al. [@CR6]).

Several studies from different countries and continents, including Malaysia (Koo et al. [@CR35]), Bahrain (Nadia and Parveen [@CR42]) and Europe (Kleiman et al. [@CR29]), have demonstrated that children lack dietary fibre and several micronutrients in their diets, despite having adequate calorie and macronutrient intakes. These studies also revealed that fibre insufficiency was apparently due to low consumption of vegetables, fresh fruits and other sources of fibre, such as whole grain, legumes and high fibre cereals, as observed in diet recalls. The micronutrient deficiencies may increase the risk of childhood obesity, due to fat deposition and chronic inflammation (Garcia et al. [@CR18]); however, dietary cereals enriched with whole grains appeared to be more useful in the maintenance of adequate micronutrients and increasing the levels of fibre (Ortega et al. [@CR48]). Therefore, the GReat-Child Trial is conducted with an emphasis on whole grain as a strategy to manage childhood obesity.

Low consumer awareness, confusion about the identification of whole grains, limited availability and disinclination to the taste of whole grain foods, texture and colour are the most habitually cited obstacles for the consumption of whole-grain foods (Burgess-Champouxt et al. [@CR7]). According to Freeland-Graves and Nitzke ([@CR17]), the outcomes of an intervention are more likely to be positive if an organisation includes the activities that reflect the targetted school-aged children's culture, lifestyle and preferences, as well as distribution of food samples in the intervention programs. Thus, to provide the opportunity for children to experience and embrace a healthy new repertoire of whole grain alternatives in their diets, the GReat-Child Trial offered one serving of whole-grain foods to the children on a daily basis, by replacing refined-grain foods with various types of wholegrain counterparts. In addition, the present trial involved greater contact time with the children and included the parents, unlike a quasi-experimental trial from the US which involved school cafeteria workers, and aimed to increase the whole grain consumption among children (Burgess-Champouxt et al. [@CR8]). Modifications are made in order to place the parents as the main agents of change, because this approach was successful in a previous Malaysian randomized controlled trial that aimed to manage childhood obesity (Wafa et al. [@CR58]).

Social marketing and recipe modification strategies had been applied in previous interventions to successfully modify fat intake (Ellison et al. [@CR15]), vegetable and fruit intakes (Reynolds et al. [@CR52]), as well as intake of low-fat milk (Wechsler et al. [@CR59]). The outcomes of these interventions showed improvements in consumption of low-fat milk, low-fat diet, vegetables and fruits due to the food preparation practices, where these interventions provided them with convenient, palatable and easy to prepare options. In the present study, the selected whole-grain foods included whole-grain bread, whole-grain ready-to-eat cereals and whole-grain biscuits, because these were convenient and nutrient-dense, and did not require complicated preparation. Encouragingly, a recent study of 10--11 years old Malaysia schoolchildren in Kuala Lumpur reported that bread, biscuits and ready-to-eat cereals were the most commonly eaten foods at breakfast (Koo et al. [@CR33]). In addition, ready-to-eat cereal consumption showed an inverse association with BMI and waist circumferences (Koo et al. [@CR31]).

The main strength of the GReat-Child Trial is that it represents a novel approach to examine the effectiveness of intervention with whole-grain and healthy balanced diet in managing childhood obesity. We anticipate that this study will not only reveal if an intervention focussing on consumption of whole grain in combination with healthy balanced diet will be effective, but that it will also provide greater insights into the acceptance of whole grain among Malaysian children. Longer duration of intervention may produce better outcomes in managing childhood obesity, but such interventions are much less likely to be practical (Wafa et al. [@CR58]). The efficacy of the GReat-Child Trial described in this paper is not conclusive, as the study is still on-going, and further outcomes will be published in the near future.

Conclusion {#Sec19}
==========

In conclusion, the GReat-Child Trial is the first multi-component, family-based intervention focussing on whole-grain consumption with healthy balanced diet for managing childhood obesity. The novel approach to obesity intervention, which is based on systematic reviews and clinical management guidelines for childhood obesity, provides evidence of the efficacy of whole grain intervention in managing childhood obesity. Furthermore, it will provide better understanding of the acceptance of whole grain among Malaysian children in particular and among Asian children in general.
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